We analyze 10 second averages of CN (size > 8 nm), NO and total reactive nitrogen (NOy) measurements in the upper troposphere over the North Atlantic during the SASS (Subsonic Assessment) Ozone and NOx Experiment (SONEX). An overview of the SONEX Experiment is described by Singh et al. [ 1999] . We will show that convection stands out as a major CN source for the upper troposphere at northern midlatitudes and will attempt to assess the contribution by aircraft emissions. Campos et al., 1998 ]. Encounters with aircraft plumes can therefore contribute significantly to high CN and NOy populations in observations. Since the cruise altitude of aircraft is at 10-12 km, near the tropopause region at midlatitudes, we would expect aircraft imprints in both the lower stratosphere and the upper troposphere. Figure 1 compares the percentage probability distributions of CN and NOy in these two regions. The population density of high concentration CN is much higher in the upper troposphere than the stratosphere. Whereas despite that the median stratospheric NOy concentration of 0.9 ppbv is three times larger than that of the troposphere. If they are not observed in the lower stratosphere, fresh aircraft plumes are less likely to be observed in the more turbulent troposphere to account for the observed high CN and NOy concentrations in the upper troposphere. A plausible explanation for the lack of aircraft plume observations is rapid dilution of these plumes (section 4). Figure 1 
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Anderson et al. [1999] found that aircraft plumes with CN concentrations > 10000 cm -3 account for 1% of the observations. Since 14% of the data points during SONEX have CN concentrations > 10000 cm -3, we can estimate that the aircraft contribution to high CN plumes is about 7%. Based on the aircraft plume characteristics found by Anderson et al. [1999] , we use a different approach and diagnose aircraft exhaust plumes as data groups with NO/NOy ratios > 0.6 mol/mol and with time durations shorter than 40 s. We diagnose data groups with longer time durations as convective plumes. Changing the time duration criterion to 60 s has a 20% effect on our results. Using our criteria, we find that only about 6% of high CN plumes may be attributed to aircraft emissions in agreement with the former estimate of 7%.
We can compare the emissions ratios of CN to NO), in aircraft and convective plumes. Assuming median concentrations of the dataset (300 pptv NOy and 2700 cm -3 CN) as the background, we find that the average CN to NOy emission ratio is 27 cm -3 pptv -] for aircraft plumes, similar to a ratio of 23 cm -3 pptv -] found by Anderson et al. [1999] . The average CN to NOy enhancement ratio for fresh convective plumes (apparently influenced by lightning) is 17 cm -3 pptv '], only 30-40% less than the aircraft emission ratio.
The similarity in the emission ratios of CN to NOy for aircraft and convection implies that aircraft contributions to high-CN and high-NOy plumes are alike. We found that only 6-7% of high CN plumes are due to aircraft emissions; Liu et al. [1999] suggested that less than 10% of high NOy plumes are from aircraft and that most of high NOy plumes are associated with convection. The small percentages do not imply an insignificant contribution by aircraft. Aircraft plumes dilute rapidly [Schumann et al., 1998 ]. Their faster dilution relative to that of convective plumes leads to more frequent observations of convective plumes. Anderson et al. [1999] The dilution time scale of fresh convective plumes is estimated to be less than 2 days. We find a 6-7% contribution by aircraft to high-CN plumes similar to the previous estimate of < 10% contribution by aircraft to high-NOy plumes. The impact of aircraft on upper tropospheric CN and NOy is larger than 6-10% because convective plumes have a longer time scale against dilution than aircraft plumes and are therefore sampled more frequently in observations. We estimate a factor of 4 increase from the observed fractions. The uncertainty in this estimate is, however, large at present.
